The influence of promoters and precipitants of the catalyst precursor on the activity and selectivity of the hydrogenation of benzene to cyclohexene catalyzed by highly loaded oxide-promoted Ru/ZrO 2 catalysts, carried out in a tetraphase reactor (in the presence of an aqueous solution of ZnSO 4 ), at 423 K and 5 MPa, was studied. The effect of hydrogen diffusion on the reaction kinetics and on the selectivity has been taken into consideration, the internal pore diffusion being actually the limiting step. Hydrogen chemisorption measurements indicate that the catalyst activity is not influenced by the Ru dispersion, but rather by weakly chemisorbed species.
INTRODUCTION
The selective hydrogenation of benzene to cyclohexene is of much interest because is connected to the synthesis of cyclohexanol, an intermediate for largescale polyamide production. Recently, many researchers have investigated the influence of the reaction conditions on the activity and the selectivity, mainly The support can also be a promoter for both activity and selectivity [7, 8] , as it can affect the hydrophilicity, a key factor for the catalyst selectivity, because water can displace cyclohexene from the Ru surface thus preventing further hydrogenation to cyclohexane [9] [10] [11] [12] [13] .
In addition, it has been observed that the selectivity is influenced by the nature of the alkali used for the precipitation of the catalyst precursor [11] [12] [13] .
This paper deals with the influence of different metal oxide promoters on highly loaded Ru/ZrO 2 catalysts, as well as with the influence of alkali treatment on the activity and selectivity, in relation to their hydrogen chemisorption properties.
EXPERIMENTAL

Catalyst preparation
In a typical preparation, 80 mL of a 5% aqueous solution (or an aqueous suspension, the bases M(OH) 2 , M = Ca, Sr, Ba, are significantly less soluble in water than the others) of the precipitant (metal hydroxide, e.g. NaOH) was placed into a flask to which 5 g of Zr(OPr-i) 4 was quickly added at room temperature. The temperature was then raised to 353 K, the solution of the promoter and that of RuCl 3 were added in sequence (Ru / promoter = 5/1, promoters: FeCl 3 , NiCl 2 , CoCl 2 , CrCl 3 , MnCl 2 and V 2 O 5 ). The resulting suspension was left at 353 K for 3 h and then cooled to room temperature and maintained at this temperature for 18 h. The solid was then filtered, collected in an autoclave, suspended in water and pressurized with H 2 (5 MPa). The reduction was carried out for 7 h at 423 K. The reactor was then cooled to room temperature and kept overnight (16-18 h) at this temperature. The autoclave was then depressurized, opened and the catalyst was passivated in water with air for one hour. Finally, the passivated catalyst was filtered and dried under vacuum.
Catalyst characterization
Particle size was determined by measuring the sedimentation rate, average particle diameter of 4 µm has been observed.
Catalyst porosity and surface area has been determined by N 2 adsorption and
